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The importance of plant growth promoting rhizobacteria in growth promotion and their ability to elicit
‘induced systemic tolerance’ against abiotic stresses has been documented. However, the performance
of these microbes under various abiotic stresses especially saline-sodic conditions will be of great
importance in the current agricultural scenario. In this study, we isolated 16 rhizobacteria through
natural selection from saline sodic soils, and characterized them using morphological and biochemical
parameters. These bacteria were assessed for their plant growth-promoting rhizobacteria (PGPR) traits
like indole-3-acetic acid (IAA) production, ammonia and hydrogen cyanide (HCN) production, phosphate
solubilization, etc. Furthermore, they were screened for in-vitro salt (NaCl) tolerance and Na' uptake
pattern, where two stress tolerant rhizobacteria B-1 and B-3 identified as Bacillus pumilus and Bacillus
subtilis showed all PGPR traits with tolerance to salinity. These isolates also elicited significantly
higher vigor index in tomato seedlings grown in pot culture experiments under saline sodic soils of pH

9.35 and EC 4.2.
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INTRODUCTION

Rhizosphere is centre to microbial and nutrient dynamics
and describes the zone of soil surrounding roots of plant
species which release organic substances. Bacteria that
are present in the rhizosphere and enhance plant growth
by any mechanism are referred to as plant growth
promoting rhizobacteria (PGPR) (Arnou et al., 1953). In
both natural and man-made agro ecosystems, interact-
tions between plants and soil micro-organisms have a
profound effect on adaptation of plant to changing
environment and plant growth (Kloepper et al., 1989;

Bashan et al., 2004). Selections of microbial isolates from
naturally stressed environment or rhizosphere are consi-
dered as possible measures for improving crop health
which can control diseases and also promote plant
growth (Lugtenberg and Kamilova, 2004; Mayak et al.,
2004).

Worldwide, salinity is one of the most severe abiotic
stresses that limit crop growth and productivity. Around
20% of worlds irrigated land is salt affected, with 2,500-
5,000 km? of production lost every year as a result of
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salinity (UNEP, 2009). About 60% of salt affected soils
are of sodic and saline sodic in nature which has
increased steadily over decades in the northwest plains
of the Indo-Gangetic basin and in China’s Yellow River
basin (Gupta and Abrol, 2000). High alkalinity (pH > 8.5)
and high exchangeable sodium percentage (ESP>15) of
the soil render it inhospitable for normal crop production
and there is minimal bioproductivity in such soil
(Chhabra, 1995). The utilization of salt-affected soil for
agriculture has become necessary to meet the rise in
food demand. One possible strategy to counteract the
adverse effect of salinity is to exploit the avenues of bio-
agents or bio-inoculants (Egamberdieva, 2012). Under
salt stress, PGPR have shown positive effects in plants
on parameters like germination rate, tolerance to drought,
weight of shoots and roots, yield and plant growth (Raju
et al., 1999). In an era of sustainable agricultural produc-
tion, the interactions in the rhizosphere by soil micro-
organisms with soil and plant plays a vital role in
mobilization of nutrients from the limited pool (Mantelin
and Touraine, 2004).

The combination of IAA production ability (Goldstein,
1995), phosphorous solubilization (Gyaneshwar et al.,
1998) and siderophore production (Dulfy, 1994) of
bacteria aid the plant rhizosphere in enhan-cing the
nutrient absorption potential under sodic environ-ment for
enabling economic production of commercial horticultural
crops (Damodaran et al.,, 2013). This has been
extensively attracting attention due to their efficacy as
biological control and growth promoting ability in many
crops. Though researchers earlier, have worked on isola-
tion of salt (NaCl) tolerant rhizobacteria from halophytic
environment where the conductivity (EC) of the soils is >
4 dsm™, little is known about their tolerance to saline
sodic environment where the soils are severely affected
by high pH characterized by high Na’ in the soil solution
phase as well as on cation exchange complex (Qadir and
Schubert, 2002), exhibiting unique structural problems
(slaking, swelling, and dispersion of clay). Therefore the
present study is focused to survey plants habitat in the
sodic soils and isolate rhizobacteria from sodic environ-
ment, to characterize and screen the isolates for PGPR
and salt tolerant traits and further, to assess the growth
vigor index of the tomato seeds primed with salt tolerant
isolates in saline sodic soils.

MATERIALS AND METHODS

Survey of sodic soils

For the present experiment, a survey was conducted in 2009 in the
Sharda Sahayak Canal Command areas of Rae Bareily district,
Uttar Pradesh, India as it harbours major sodic belt. Collection of

the rhizospheric soils and roots were made from halophylic plants
grown in wild.

Physicochemical analysis of soil

The collected soil sample was analyzed for physicochemical para-
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meters like pH and conductivity. The pH of the soil extract was
determined potentio-metrically by an ORION ion analyzer (5 star
series) using a pH electrode.

Isolation of rhizospheric and endophytic bacteria

The rhizospheric microbes were isolated from roots of phyto-
ameliorant grasses collected from survey of undisturbed sodic site
with prominent salt efflorescence as described by Quadt-Hallman et
al. (1997). The soil samples were collected by fine brushing in
sterile Petri dish for diluting and plating. Soils sample from
rhizosphere of plants (10 g) were thoroughly mixed in 90 ml of
autoclaved distilled water to make suspension. Soil suspension was
kept for 30-60 min with periodic shaking. 1 ml of this suspension
was added to 10 ml dilution vial and shaken. Serial dilution
technique was performed up to 107 dilution. An aliquot of this
suspension was spread on nutreint agar (NA) plate and incubated
for 24-48 h at 28-30°C for observing colonies developed on it. Fine
isolated colonies were picked up and streaked again on fresh NA
plate and incubated similarly. This process was carried out thrice to
get pure single colony.

Standard plate counting method

To enumerate the bacterial and fungal cultures, standard plate
count method was used. The number of viable bacterial cells per
unit volume of a sample using agar plate media was enumerated.
The inoculum sample was spread across the plate and the colonies
that were formed after incubation were counted. The colonies are
referred to as colony forming units (CFU). Once the CFUs are
counted on the plate, they were divided by the volume plated to
determine the concentration of cells in the sample.

Bacterial identification

Bacteria were identified based on different morphological and
staining characteristics. Based on the Gram staining property and
cell morphology, the bacteria may be tentatively placed in four
groups, that is, Gram +ve rods, Gram +ve cocci, Gram -ve cocci
and Gram -ve rods. Usually, the predominant bacteria in
rhizosphere of crop plants are Gram negative rods belonging to
Gram -ve Pseudomonas and Gram +ve Bacillus. Further
identification was done with specific biochemical tests
(Cappunccino and Sherman, 1992).

In vitro analysis for the identification of PGPR strains
Production of indole acetic acid (IAA)

Indole acetic acid (IAA) production was detected as described by
Brick et al. (1991). Bacterial cultures were grown for 72 h in nutrient
broth media at 36- 38°C. Fully grown cultures were centrifuged at
3000 rpm for 30 min. The supernatant (2 ml) was mixed with 2
drops of orthophosphoric acid and 4 ml of Salkowski reagent (50
ml, 35% of perchloric acid, 1 ml 0.5 M FeCl; solution). Development
of pink colour indicates IAA production.

HCN production

Production of HCN was detected according to the method of Lorck
(1948). Briefly, nutrient broth was amended with 4.4 g glycine / L
and bacteria were streaked on modified agar plate. A Whatman
filter paper no. 1 soaked in 2% sodium carbonate and 0.5% picric
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Table 1. Enumeration of Rhizobacteria from soil samples by SPC method.

S/N Location Dilution Amount of Dilution Number of Mean cfu per ECE_
sample (ml) factor (D) colony 100 mg soil (dsm™)

1 Kasrawa 10° 0.1 10° 35 45X10° 9.70 1.50

2 Hardoi 103 0.1 10° 5 05X10° 10.2 4.55

3 Thakurenda 10° 0.1 10° 45 25X10° 10.0 1.24

4 Paschim Gau 10° 0.1 10° 90 90Xx10° 9.65 0.75

5 Gurbakshgan; 10° 0.1 10° 5 35X10° 9.88 4.30

acid solution was placed at the top of the plate. Plates were sealed
with parafilm and incubated at 36 + 2°C for 4 days. Development of
orange to red colour indicated HCN production.

Ammonia production

Bacterial isolates were screened for the production of ammonia in
peptone water. Freshly grown culture were inoculated in 10 ml
peptone water in each tube and incubated for 48-72 h at 28+2°C.
Nessler's reagent (0.5 ml) was added in each tube. Development of
brown to yellow colour was a positive for ammonia production
(Cappucino and Sherman, 1992).

Siderophore production

Bacterial culture (48 h) was streaked on nutrient agar medium
amended with an indicator dye. The tertiary complex chrome-
azurol-S(CAS) / Fe* /| hexadecyl trimethyl ammonium bromide
served as an indicator. Change of blue color of the medium
surrounding the bacterial growth to fluorescent yellow indicated
production of siderophore. The reaction of each bacterial strain was
scored either positive or negative to the assay (Schwyn and
Neilands, 1987).

Phosphate solubilization

Phosphate solubilization of isolates was evaluated from the ability
to solubilize inorganic phosphate. Pikovskaya’s agar medium
containing calcium phosphate as the inorganic form of phosphate
was used in assay. A loopful of bacterial culture were streaked on
the plates and kept for incubation at 28°C for 4-5 days. The
appearance of transparent halo zone around the bacterial colony
indicated the phosphate solubilizing activity of the bacteria.

Salinity tolerance

For determining salt tolerance of the isolated bacteria, they were
streaked on nutrient agar supplemented with 0.5, 5, 7.5 and 10%
NaCl which acts as a selective medium. After the appearance of
colonies, bacteria’s were marked positive or negative for their ability
to grow in different concentration of NaCl.

Sodium uptake

Potential isolates growing luxuriantly in 7.5% NaCl were screened
for sodium uptake pattern. The isolates were grown overnight at
37°C in L-broth containing different NaCl concentration (0.1, 0.5,
1.0, 1.5, 2.0, 2.5, 3.0 M). After 24 h, cells were harvested by

centrifugation and bacterial pellet was washed with sterilized
distilled water to remove the traces of medium. Washed pellet was
digested overnight with 0.1 N HCI at room temperature. Samples
were centrifuged and supernatant was taken for the estimation of
uptake by bacterial cells. Sodium contents were measured by
Flame photometer.

Determination of PGPR in sodic conditions

The rhizosphere and endophytic bacteria grown on nutrient broth
with constant shaking on rotary shaker at 150 rpm for 48 h at room
temperature (28+2°C) were harvested by centrifugation at 6000 rpm
for 15 min. The bacterial cells were re-suspended in PB (0.01 M, pH
7.0). The concentration was adjusted using a spectrophotometer to
approximately 10° CFU (ODsgs=0.3) and used as inoculums for
treating rice seeds (Thompson, 1996). Plant growth promoting
activities of bacterial strains were assessed based on the seedling
vigor index of tomato seed under pot culture studies in soil of pH
9.35, ECe of 4.2, Na* of 23.50 meq / | and sodium adsorption ratio
(SAR) of 19.36. Sodium (Na") was determined by flame photometer
(Richards, 1954) while sodium adsorption ratio (SAR) was
determined by following generic equation:

Na

J(Ca+Mg)/2

The vigor index was calculated by using the formula as described
by Abdul Baki and Anderson (1973):

SAR =

Vigor index= Percent germination x Seedling length (shoot length +
root length).

Statistical analysis

The pot culture experiment on assessing vigor index in tomato
seeds treated with bacterial isolates was conducted in completely
randomized design (CRD) with three replications and the data was
analyzed using SAS 9.2 version. Prior to analysis of variance, the
percentage values of germination were arcsine transformed.

RESULT

A transect survey was carried out in sodic lands of Rae
Bareily district in Uttar Pradesh, India. The locations
surveyed included Kasrawa, Hardoi, Thakurenkeda,
Paschim Gau and Gurubakshganj (Table 1). These loca-
tions were observed to have extended patches of barren
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Table 2. Morphological characteristics of isolated bacteria.
SIN Experiment procedure Observations And Result
P P G1 G2 G3 G4 G5 G6 G7 G8 G99 GI10 GI1l Bl B2 B3 P-1_ P2
1 Colour w w w LW Y ow LY C w w Y Ccw Ccw C Y LY
2 Shape I S Co S R R S R | R R R R R R R
3 Elevation Cv Ra Cv Ra Ra Ra Ra Ra F Ra Ra Ra Ra Ra Ra Ra
4 Pigmentation N N N N N N N N N N N N N N B B

W=White, LW= light white, Y= yellow, O=off white, LY= light yellow, C=creamy off white, CW= creamy white, I= irregular, S= spherical, Co= cocci, R= round, Ro=rod, Cv= convex, Ra= raised, F= flat,

B= bright, N= none.

sodic soils with pH ranging from 9.65 (Paschim
Gau) to 10.2 (Hardoi). The population (cfu gm™) of
bacteria ranged from 90 x10° (Paschim Gau) to 5
x10° (Hardoi). About 32 bacterial isolates were
collected and among them 16 were selected and
sorted out into pure different colonies, exhibiting
morphological and staining characteristics (Tables
2 and 3). Among the 16 isolates, five (G-5, G-7,
G-11, P-1 and P-2) were yellowish to light yello-
wish colour while the others were white to creamy
white in colour. The isolates were of irregular,
spherical, cocci, round and rod shaped. Pigmen-
tation was absent in most of the isolates except P-
1 and P-2 which displayed bright pigments.
Further, they were screened for Gram nature, mo-
tility, pigmentation, colony and morphological
characteristic. Among the 16 isolates, six were
gram positive and 10 were Gram negative (Table
3). Results have indicated that 10 out of 16 iso-
lates were able to assimilate starch, glucose and
fructose, while seven were able to assimilate
nitrate and 8 were positive for indole production.

PGPR traits

Sixteen isolates were further screened for PGPR
traits (Table 4) like IAA, siderophore, ammonia
and HCN production and also phosphate mobi-

lization ability. Among them, seven showed IAA
and HCN production. The isolates B-1 and B-3
had extensive zone formation for IAA (>1cm).
Four isolates showed siderophore production with
two of them (B-1 and B-3) belonging to genus
Bacillus having much higher zone ranging from
0.6-0.9cm.

Production of ammonia was detected in nine
isolates and phosphate solubilization zone was
observed in eight isolates. Four isolates B-1, B-3,
P-1 and P-2 showed higher phosphate soulubili-
zation (0.6- 0.9 cm). Among the 16 isolates
screened, two (B-1 and B-3) of them exhibited
positive response to all the in-vitro PGPR
characteristics studied.

Salt tolerance traits

On screening all the 16 bacterial isolates for
growth in different NaCl concentrations; five
isolates (B-1, B-2, B-3, P-1 and P-2) growing
luxuriantly in 7.5 % NaCl concentration were
selected for further evaluations (Table 5). These
five isolates also exhibited halo formation when
grown on Mannitol salt agar medium containing
7.5% NaCl. Furthermore, analysis of these iso-
lates for sodium uptake pattern (Figure 1) at
different molar (M) concentration of NaCl showed

an increasing sodium (Na") uptake up to 1 M NaCl
in all the isolates beyond which there was a
significant decline. However, among them, two
isolates B-3 and B-1 identified as Bacillus pumilus
and Bacillus subtilis showed higher uptake of Na*
(1.272 meq / L and 1.122 meq / L respectively) at
1 M NacCl concentration.

Screening of the salt tolerant isolates for plant
growth potential (PGP) in saline-sodic soils of pH
9.35 and EC 4.2 dsm™ under pot culture experi-
ment of tomato var. Himsona showed that among
the five, B-1 and B-3 had plant growth enhancing
activities with the germination percentage of 95.0
and 93.0% (Table 6). Significantly higher shoot
and root growth were observed in B-3 followed by
B-1 with higher vigour index (1900.0 and 1525.2
respectively).

DISCUSSION

A detailed survey of the natural population in the
rhizosphere of grasses grown in sodic soils was
carried out in the present study to isolate and
identify salt tolerant bacteria that could express
plant growth promotion (PGP) traits at high salt
concentrations. Our studies establish that the
bacterial diversity reduce with increase in soil pH
under natural selection sites. It has been reported
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Table 3. Identification of potential bacterial isolates based on bio-chemical tests.

S/N  Parameter

G-l G2 G3 G4 G5 G6 G-7 G8 G99 G-10 G-11 B-1 B-2 B-3 P-1 P-2

1 Gram staining -ve
2 Gelatin liquefaction -
3  Catalase test -
4 Oxidase test -
5  Starch hydrolysis -
6  Fluorescent pigment -
7 Indole -
8  Methyl red +
9 VP +
10 Citrate +
11 Nitrate _
12 Glucose ¥
13  Fructose A

Identification of the isolates A

+tve +ve +ve +ve -ve -ve -ve +ve +ve
+ + - - - - - - +
+ _ + + - - + +
—_ — - - - + - -
+ + + + - - - + +
—_ - - - - + - -
- + - - - + + - -
- _ - - - + + - +
+ + + + + - - + -
+ + + + + + + - +
_ _ + + - - - + +
A A A A A A A A A
AN AT AT AT AT AT AT AP A
B C D E F G H I J

-ve -ve -ve -ve -ve -ve
- - - - + +
- + + + + +
+ - - - + +
+ + + + - -
- - - - + +
- - - - + +
- - - - + +

+ + + - -

- + + + - -

- + + + - -

A At AT AT A A
A At AT AT A A
K M L N O P

A = Serratia sp.; B = Micrococcus sp.; C = Azotobacter sp.; D = Bacillus safensis; E = Bacillus subtilis; F = Rhizobium; G = Bacillus sp.; H =
Pseudomonas sp.; | = Brevibacillus sp.; J = Azospirillum sp.; K = Uncultured bacterium; L = Bacillus pumilus; M = Bacillus cereus; N = Bacillus subtilis; O
= Pseudomonas putida; P = Psuedomonas sp.; A" = Acid producers; A" = No acid producers.

Table 4. Assessment of plant growth promoting bacteria for different growth promotion traits.

Observations and result

SN Experiment procedure =" 63 G4 G5 __G6 __G7 G8 G9 G0 GI1l Bl B2 B3 Pl P-2
1 IAA production + - - - - - - + - - +++ - +44 ++ ++
2 HCN + - - - - - - + - + + + -

3 Siderophore _ + - - - - - - - - ++ - ++ -
4 Ammonia + + + + + - - - - - + - + + -
5 P- solubilization + - - - - + + - - - ++ - ++ ++ T+

IAA, Indole-3-acetic acid; HCN, hydrogen cyanide; -, no production; +, 0.3-0.5 cm; ++, 0.6-0.9 cm; +++, >1 cm.

earlier that soil salinity plays a prominent role in
the microbial selection process as environmental
stress leads to reduce bacterial diversity
(Borneman et al., 1996). In our study, we have

isolated 32 isolates from natural selection in the
rhizopshere of grasses grown in sodic soils and
sorted them into 16 different pure colonies.
Majority of the bacterial isolates are identified as

Bacillus spp. based on biochemical and morpholo-
gical observations. Earlier studies show that
genera such as Bacillus and Pseudomonas tend
to be pre-dominant in saline soils (Tank and
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Table 5. Screening of isolates for tolerance to salinity.
S/N NaCl Observations and result (48 h)
concentration G-1 G-2 -G-3 G-4 G-5 G-6 G-7 G-8 G-9 G-10 G-11 B-1 B-2 B-3 P-1 P-2

1 Control + + + + + + + + + + + + + + + +
2 0.5% + + + + + + + + + + + + + + + +
3 5% + + - - - - - - - - + + + + + +
4 7.5% - - - - - - - - - - - + + + + +
5 10% - - - - - - - - - - - - - - - -

+ = Luxiriant, - = no growth

[N ]
J

Meg/L

m0.1M NaCl

Bl B-2 B-3 P-1

m(.5M NaCl IMNaCl m1.5M NaCl

pP-2

m Control

Figure 1. Sodium uptake pattern of the elite PGPR strains of sodic soils. Vertical bars indicate

tstandard error

Saraf, 2010).

PGP activity of the bacteria present in the
rhizosphere is found to exert beneficial effects on
plant growth mechanism. Several mechanisms
such as production of phytohormones, suppres-

sion of deleterious organisms, production of I1AA,
activation of phosphate solubilization and promo-
tion of the mineral nutrient uptake are believed to
be involved in plant growth promotion by PGPR
(Glick, 1995). IAA, the most common auxin func-

tion as important signal molecule in the regulation
of plant development (Usha Rani et al., 2012). Out
of 16 isolates in our present study seven exhibited
IAA production which can attribute significant
growth enhancement in plants.
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Phosphorous (P) is an essential nutrient for plant
growth, development and is typically insoluble or poorly
soluble in soils under salt stressed conditions (Harrison et
al., 2002). Some of the bacteria are known to improve the
solubilization of the fixed soil phosphorous and applied
phosphates, resulting in higher yields even under stress
conditions (Banerjee et al.,, 2010). In our experiment,
eight rhizobacterial isolates showed in-vitro phosphate
solubilizing efficiency and has been tested in plant
growth. Ability to solubilize various insoluble phosphates
is always desirable attribute for a competent PGPR.
Phosphate solubilization by Bacillus sp. isolated from salt
stressed environment had been observed by earlier
researchers (Son et al., 2006).

Siderophore chelates iron and other metals contributing
to disease suppression and acquisition of Fe” to plants
for increasing the crop growth under stressed conditions
(Hofte et al., 1992; Duffy, 1994). Our study shows four
isolates with siderophore production ability which will be a
productive PGPR trait for selection. Production of
ammonia (Wani et al., 2007) and HCN (Schippers et al.,
1990) is an important attribute of PGPR that influences
plant growth indirectly and strengthen the host disease
resistance mechanism respectively. In our present study,
nine isolates produce ammonia and seven produce HCN.
Majority of the ammonia producing bacteria were
identified to be of genus Bacillus and Pseudomonas spp.
Production of ammonia was commonly detected in the
isolates of Bacillus and Pseudomonas (Joseph et al.,
2007).

Out of the 16 bacteria isolated from sodic rhizospheres,
five showed tolerance to high salt concentration (7.5 %
NaCl) and among them isolate B-1 and B-3 had higher
uptake of sodium when cultured under in-vitro conditions
in 1 M NaCl solution. It has also been reported previously
that bacteria isolated from saline soil are more likely to
withstand saline conditions (Upadhyay et al., 2009). On
the other hand, if such bacteria also possess plant growth
promoting traits, they would be ideal for use in sus-
tainable agriculture (Egamberdiyeva and Islam, 2008).
Therefore, the two salt tolerant bacterial isolates B-1 and
B-3 identified as B. pumilus and B. subtilis also exhibited
positive response for PGPR characteristics like 1AA,
HCN, siderophore, HCN and ACC deaminase production.
Production of IAA, siderophore, phosphate solubilization
had been observed in Bacillus and Pseudomonas sp. in
earlier studies (Xie et al., 1996; Loper and Henkels,
1997). Furthermore, in the current experiment, the assess-
ment of vigor index of tomato seeds treated with five salt
tolerant isolates (B-1, b-2, B-3, P-1 and P-2) showed that
the isolates B-1 and B-3 are potential growth promoter
with higher vigour index even under saline-sodic condi-
tions apart from salinity. Though PGPR are more com-
monly known to induce resistance against pathogen
infection, reports are now available on their ability to elicit
‘induced systemic tolerance’ against abiotic stresses
(Usha et al., 2011).

In this study, we have shown that two strains B-3 and
B-1 identified as B. pumilus and B. subtilis isolated from
the rhizosphere of grasses in sodic soils of high pH are
efficient for the tested salt tolerant traits under saline and
sodic conditions. They also showed positive response for
PGPR traits like IAA production, phosphate solubilizaiton,
etc. These two isolates show potential as plant growth
beneficial inoculants in alkaline soil regions suggesting
further studies on rhizocompetence in commercial crops
grown under salt stressed conditions.
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